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ABSTRACT 
  
Introduction: The submandibular gland is a mixed salivary gland that 
contributes the majority of saliva secreted into the mouth. Sudan is a hot 
tropical country. As an adaptive response to this hot environment, it is 
assumed that this gland in the Sudanese could be entirely serous or has little 
mucous cells compared to other nations.   
Objective: To study the normal submandibular gland histology in the 
Sudanese people, and to compare it with that of other nations. 
Material and methods: twenty normal submandibular salivary glands were 
obtained as a part of radical neck dissection performed at Khartoum 
Teaching Dental Hospital. The morphology of the submandibular gland was 
studied using macroscopic and microscopic techniques. The gland volume 
was obtained by using the water displacement technique. The length, width, 
and thickness of the gland were measured. For histological analysis, the 
sections were fixed in formalin and embedded in paraffin for routine 
processing. Ten Serial sections were stained with hematoxylin & eosin stain. 
A simple point-counting method was used and the volume fractions of 
various constituents of individual glands were determined.  
 V
Results: The results showed that the average submandibular gland measures 
were 4.1 cm in length, 3.1 cm in width, 1.1 cm in thickness, and 15.9 cm3 in 
volume. The mean of the proportional volume of total acinar cells from total 
points of the gland was 56%. That of the duct was 9.52%, and the mean of 
the proportional volume of stroma from total glandular points was 34.5%. 
The mean of the proportional volume of the serous acini from the total 
acinar cells was 97.5%, and that of the mucous acini was 2.5%. There were 
no differences in the distribution of serous and mucous acini between the 
central and peripheral sections. 
Conclusion: It is concluded that in the Sudanese, the volume of the serous 
acinar cell constitute 97.5% of the total acinar cell volume which is much 
higher than the 92,2% volume  reported by Scott from England. The study 
provides an average of normal gland dimensions which is important to 
ensure the proper diagnosis of salivary gland diseases. The differences in 
volumes between this and other studies could be an adaptive form of 
hypertrophy of the gland to compensate for the hot environment.  
IV 
 ﻤﻠﺨﺹ ﺍﻟﻸﻁﺭﻭﺤﺔ
 
 و ﺗﻐﺘﻴﺮ ﻣﻦ أهﻢ اﻟﻐﺪد  , هﻲ ﻏﺪة ﻟﻌﺎﺑﻴﺔ ﻣﺨﺘﻠﻄﺔ اﻟﺘﺤﺘﻔﻜﻴﻪ اﻟﻐﺪﻩ:ﻣﻘﺪﻣﺔ
 ﻣﻦ اﻟﺒﻠﺪاتاﻟﺴﻮدان .  ﻳﻔﺮز ﻓﻲ اﻟﻔﻢ اﻟﺬىﻐﺎﻟﺒﻴﺔ اﻟﻠﻌﺎبﺑﺗﺴﺎهﻢ ﺣﻴﺚ 
ﻓﺘﺮض أن  أﻠﺘﻜﻴﻒ ﻣﻊ هﺬﻩ اﻟﺒﻴﺌﺔ اﻟﺴﺎﺧﻨﺔ،ﻟآﺮد ﻓﻌﻞ  و  ، اﻟﺤﺎرةاﻻﺳﺘﻮاﺋﻴﺔ
 ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ أﻗﻞﻣﺨﺎﻃﻴﺔ ﻼﻳﺎ  ﺧﺗﺘﻜﻮن ﻣﻦ ﻳﻤﻜﻦ أن ﻴﻦهﺬﻩ اﻟﻐﺪة ﻓﻲ اﻟﺴﻮداﻧ
  .اﻟﺪول اﻷﺧﺮى
 
  . ﻟﻠﻐﺪﻩ اﻟﺘﺤﺖ ﻓﻜﻴﻪ ﻓﻰ اﻟﺴﻮداﻧﻴﻴﻦاﻷﻧﺴﺠﺔ اﻟﻄﺒﻴﻌﻴﺔدراﺳﻪ  :اﻟﻬﺪف
ﺗﺤﺘﻔﻜﻴﻪ ﻣﻦ ﻗﺴﻢ ﺟﺮاﺣﻪ اﻟﻔﻢ و اﻟﻮﺟﻪ و  ة ﻏﺪﺖ ﻋﺸﺮﻳﻢ ﺟﻤﻌﻟﻘﺪ :اﻟﺘﺼﻤﻴﻢ
ﺪراﺳﻪ اﻟﻄﻮل و ﺑ ﻗﻤﻨﺎ. اﻟﺨﺮﻃﻮم/ اﻟﻔﻜﻴﻦ ﺑﻤﺴﺘﺸﻔﻰ اﻻﺳﻨﺎن اﻟﺘﻌﻠﻴﻤﻰ
ﻤﺎ ﺗﻢ ﻗﻴﺎس ﻧﺴﺒﻪ ﺣﺠﻢ آﻞ ﻣﻜﻮن ﻧﺴﻴﺠﻰ آ، اﻟﻌﺮض و اﻟﺴﻤﻚ و اﻟﺤﺠﻢ
و ﻗﻴﺎس اﻟﻄﻮل و اﻟﻌﺮض ، ﺗﻢ ﻗﻴﺎس اﻟﺤﺠﻢ ﻋﻦ ﻃﺮﻳﻖ إزاﺣﻪ اﻟﻤﻴﺎﻩ. داﺧﻞ اﻟﻐﺪﻩ
ﻣﻦ أﺟﻞ اﻟﺪراﺳﻪ اﻟﻨﺴﻴﺠﻴﻪ ﺗﻢ ﺗﺜﺒﻴﺖ اﻟﻐﺪد . و اﻟﺴﻤﻚ ﺑﺈﺳﺘﺨﺪام اﻟﻤﺴﻄﺮﻩ
ﺑﺎﻟﻔﻮرﻣﺎﻟﻴﻦ و أﺧﺬ ﻋﺸﺮﻩ ﺷﺮاﺋﺢ ﻣﻦ آﻞ ﻏﺪﻩ و ﺻﺒﻐﻬﺎ ﺑﻮاﺳﻄﻪ ﺻﺒﻐﻪ 
 ﺗﻢ إﺳﺘﺨﺪام ﻃﺮﻳﻘﻪ اﻟﺤﺴﺎب اﻟﺒﺴﻴﻄﻪ ،اﻟﻬﻴﻤﺎﺗﻮﺗﻮآﺴﻴﻠﻴﻦ و اﻻﻳﻮﺳﻴﻦ 
ﻟﺤﺴﺎب ﻋﺪد اﻟﻨﻘﺎط اﻟﺘﻰ ﺗﻤﺜﻞ آﻞ ﻣﻜﻮن و ﻣﻦ ﺛﻢ ﻗﻴﺎس ﻧﺴﺒﻪ ﺣﺠﻢ آﻞ 
  .ﻣﻜﻮن ﻣﻦ ﻣﻜﻮﻧﺎت اﻟﻐﺪﻩ
و  ،  3 ﺳﻢ9.51 ﺣﺠﻢ اﻟﻐﺪﻩ ﻳﺴﺎوى  ﻣﺘﻮﺳﻂ   ﻟﻘﺪ اﺛﺒﺘﺖ اﻟﻨﺘﺎﺋﺞ ان:اﻟﻨﺘﺎﺋﺞ
 ﺳﻢ ﻋﻠﻰ 1.1و.  ﺳﻢ1.3،  ﺳﻢ1.4اﻟﻄﻮل و اﻟﻌﺮض و اﻟﺴﻤﻚ ﺗﺴﺎوى 
اﻟﺨﻼﻳﺎ اﻟﻘﻨﻮﻳﻪ ﺗﺴﺎوى ، % 65اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ ﺗﺴﺎوى  ﻧﺴﺒﻪ ﺣﺠﻢ. اﻟﺘﻮاﻟﻰ
، اﻻوﻋﻴﻪ اﻟﺪﻣﻮﻳﻪ، اﻟﻨﺴﻴﺞ اﻟﻀﺎم)ﺑﻘﻴﻪ  اﻟﺨﻼﻳﺎ اﻟﻤﻜﻮﻧﻪ ﻟﻠﻐﺪﻩ ، % 25.9
ﻧﺴﺒﻪ ﺣﺠﻢ اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ اﻟﻤﺘﺤﻮﺻﻠﺔ ﻣﻊ ، % 5.43ﺗﺴﺎوى (  اﻻﻋﺼﺎب
و اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ ، % 5.97إﻓﺮازات ﻣﺼﻠﻴﺔ ﻣﻦ آﻞ اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ  ﺗﺴﺎوى 
آﻤﺎ %. 5.2ﻣﻦ آﻞ اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ ﺗﺴﺎوى  ﺻﻠﺔ ﻣﻊ إﻓﺮازات ﻣﺨﺎﻃﻴﺔاﻟﻤﺘﺤﻮ
وﺟﺪ أﻳﻀﺎ اﻧﻪ ﻻ ﻳﻮﺟﺪ إﺧﺘﻼف ﻓﻰ ﺗﻮزﻳﻊ اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ اﻟﻤﺘﺤﻮﺻﻠﺔ ﻣﻊ إﻓﺮازات 
IIV 
ﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ اﻟﻤﺘﺤﻮﺻﻠﺔ ﻣﻊ إﻓﺮازات ﻣﺨﺎﻃﻴﺔ ﺑﻴﻦ اﻟﻤﺴﺘﻮﻳﺎت اﻣﺼﻠﻴﺔ و 
  .اﻟﺴﻄﺤﻴﻪ و اﻟﻌﻤﻴﻘﻪ ﻣﻦ اﻟﻐﺪﻩ
  
ﻢ اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ اﻟﻤﺘﺤﻮﺻﻠﺔ ﻣﻊ إﻓﺮازات ﻧﺴﺒﻪ ﺣﺠﺧﻠﺺ إﻟﻰ أن  :أﻟﺨﻼﺻﻪ
ﻠﺨﻼﻳﺎ ﻟاﻟﻨﺴﺒﻪ اﻟﻜﻠﻴﻪ  ٪ ﻣﻦ 5.79ﺗﺸﻜﻞ ﻣﺼﻠﻴﺔ ﻣﻦ آﻞ اﻟﺨﻼﻳﺎ اﻟﻐﺪدﻳﺔ  
 ٪ اﻟﺘﻲ أﺑﻠﻎ ﻋﻨﻬﺎ ﺳﻜﻮت 2،29  ﻧﺴﺒﻪوهﻲ ﻧﺴﺒﺔ أﻋﻠﻰ ﺑﻜﺜﻴﺮ ﻣﻦ  اﻟﻐﺪدﻳﺔ
ﻄﺒﻴﻌﻴﺔ وهﻮ أﻣﺮ ﻣﻬﻢ ﻟﻀﻤﺎن اﻟﺗﻘﺪم اﻟﺪراﺳﺔ ﻣﺘﻮﺳﻂ أﺑﻌﺎد اﻟﻐﺪة  .ﻣﻦ اﻧﺠﻠﺘﺮا
 .اﻟﺘﺸﺨﻴﺺ اﻟﺴﻠﻴﻢ ﻷﻣﺮاض اﻟﻐﺪة اﻟﻠﻌﺎﺑﻴﺔ
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1.1 Introduction and justification 
 
        The submandibular salivary gland being one of the major salivary 
glands contributes a substantial amount of the saliva secreted into the mouth. 
Various studies have been carried on the submandibular salivary gland in 
human’s fetuses and adults. Gibson studied the submandibular gland of 6 
human fetuses using light and electron microscopes and observed lumen in 
the acini and ducts at the age of 13.5 to 16 weeks 1. The time of formation 
and number of acini, ducts and the functional maturity of the gland were 
studied by El – Mohandes et al 2 in human fetuses ranging from 10 week to 
full term. In a study by Martinez et al in 8 foetuses, the submandibular gland 
was found to appear before the parotid gland 3. Morphometric analysis was 
done in the submandibular gland of 37 human fetuses and the glands were 
found to grow from the medial Para lingual groove 4.  Apart from the above 
cited studies, many experiments were done on hamster, rodents, rats, mice 
and rabbits 5, 6, 7, 8, 9,10,11,12. 
 Despite the considerable body in literature on the histology of normal 
human salivary glands, little was written about the submandibular salivary 
gland. Of these only one paper was discussing the proportional volumes of 
the different glandular components.  
Sudan is a tropical country with hot climate. So to obtain normal 
homeostasis, the body compensate for this hot climate by adaptation in the 
physio-anatomy of some organs, it's assumed that one of these adaptive 
processes is to increase salivary production and to produce more serous 
saliva. In this study we assume that the submandibular salivary gland in the 
Sudanese have little or no mucous cells with an increased number of serous 
cells. Also this study it’s intended to provide a baseline data on the gland 
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histology and the proportional volumes of the different glandular tissue in 
the submandibular gland of the Sudanese. 
 
 
 3
1.1. Literature review 
 
 1.2.1 Development:  
  In the human, there are three major salivary glands; the parotid, the 
submandibular, and the sublingual gland. They are ectodermal derivatives, 
originating in the floor of the mouth as epithelial buds between 
approximately the sixth and eighth weeks of gestation. All three of these 
glands arise from the first pharyngeal pouch. Morphogenesis of the parotid 
gland occurs first. This is followed by formation of the submandibular gland 
and finally by the sublingual gland at approximately the eighth week of 
gestation. According to Grays Anatomy the embryonic submandibular gland 
development is best conceptualized in stages rather than gestational age. It 
begins as a thickening of the primitive oral cavity epithelium adjacent to the 
developing tongue. This thickened epithelium forms a bud that grows into 
the first branchial (mandibular) arch mesenchyme 13. One of the fundamental 
features of the submandibular salivary gland is the branching 
morphogenesis, which is growth and branching of epithelial tubules during 
embryogenesis. Repeated branching at the distal ends of the initial epithelial 
submandibular gland bud produces a bush-like structure. This structure 
consists of a network of elongated epithelial branches with epithelial buds at 
their termini by the pseudo glandular stage. In the canalicular Stage, the 
number of epithelial lobes has increased and the presumptive ducts begin to 
exhibit distinct Lumina. By the terminal bud stage, these branches and buds 
are hollowed out to form the presumptive ducts and acini. Lumen formation 
is initiated in the canalicular Stage with the death of the central cells; with 
each consecutive concentric layer of cells dying until only a single layer of 
epithelial cells surrounds the lumina. 
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In neonates below thirty days of age, acini and ducts are often 
immature and widely separated by abundant, vascular, connective tissue. 
After six months of age glandular structure is more compact with little 
intralobular connective tissue 14. 
 
1.2.2 Anatomy: 
The Submandibular gland is often referred to as the Submaxillary 
gland because of the tendency of the British anatomists to refer to the 
mandible as the ‘submaxilla’. The gland lies in the submandibular triangle 
formed by the anterior and posterior bellies of the digastric muscle and the 
inferior margin of the mandible. It is positioned medial and inferior to the 
mandibular ramus partly superior and partly inferior to the base of the 
posterior half of the mandible. The gland forms a ‘C’ shape around the 
anterior margin of the mylohyoid muscle, which divides the Submandibular 
gland into a superficial and deep lobe. The deep lobe comprises the majority 
of the gland. The Marginal Mandibular branch of the facial nerve courses 
superficial to the Submandibular gland and deep to the platysma muscle. 
The gland is invested in its own capsule, which is continuous with the 
superficial layer of deep cervical fascia. The Submandibular duct 
(Wharton’s duct) exits the medial surface of the gland and runs between the 
mylohyoid and hyoglossus muscles and on to the genioglossus muscle. 
Wharton’s duct empties into the intraoral cavity lateral to the lingual 
frenulum on the anterior floor of mouth. The length of the duct averages 5 
cm. The lingual nerve wraps around Wharton’s duct, starting lateral and 
ending medial to the duct, while the hypoglossal nerve parallels the 
submandibular duct, running just inferior to it 15.  
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The volume of the submandibular salivary gland varies widely 
between individuals16. An increased size in old age has been found17; the 
gland volume ranges from below 2 cm3 to over 15 cm3. Male glands were 
larger than female glands on average by 50 %18, 19. 
Various forms of atrophy, increasing fibrosis and an accumulation of 
intracellular fat and adipose tissue have been noted as features of aging in 
human salivary glands 20, 21. Quantitative studies have shown that throughout 
adult life there is a continuous gradual replacement of salivary parenchyma 
by fibrous and adipose tissue22.  
The cellular activity of almost all components of human 
submandibular glands rises in adolescence and young adulthood and then 
decreases with aging. This suggests that intercalated duct cells are capable of 
not only proliferation but also division into other components. These cells 
may thus compensate for the reduced activity of other components in elderly 
subjects 23. 
1.2.3 Blood supply: 
The blood supply to the submandibular salivary gland is mainly 
undertaken by the facial artery. The facial artery could directly enter the 
gland or gives off small branches to the gland. In the meantime, the 
submental, the lingual, the deep lingual and the external jugular arteries also 
contribute to the blood supply of the gland 24, 25,26,27,28. There are usually one 
to two vessels entering the medial aspect of the superficial lobe as well as an 
intermediate vessel entering the medial aspect of the capsule to supply both 
the superficial and deep lobes. Hence, there are usually one to three vessels 
entering the medial aspect of the submandibular gland, which are in the 
territory of the superior thyroid artery. There is a deep perforator which 
courses through the central aspect of the deep lobe to pierce the posterior 
aspect of the superficial lobe. The arterial distribution of this perforator is 
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the facial or the lingual artery. The facial artery passes behind the posterior 
digastric muscle and ascends vertically to lie posterior to the submandibular 
gland or interposed between the deep and superficial lobes 29. 
 
1.2.4 Venous drainage:  
Venous drainage is provided by the anterior facial vein, which lies 
deep to the marginal mandibular branch of facial nerve.  
Lymphatic drainage goes to the deep cervical and jugular chains of nodes 
 
 1.2.5 Innervation: 
The innervation to the Submandibular gland is derived from two important 
sources:  
1) Sympathetic innervation from the Superior Cervical ganglion via the 
Lingual artery. 
2) Parasympathetic innervation from the Submandibular ganglion, which is 
fed by the Lingual nerve. 
Efferent nerves travel to the gland by separate routes. In the gland the 
axons from each type of nerve intermingle and travel together in association 
with Schwann cells, forming Schwann-axon bundles. Two types of neuro-
effector relationships exist with salivary parenchymal and myoepithelial 
cells: epilemmal (outside the parenchymal basement membrane) and 
hypolemmal (within the parenchymal basement membrane). Salivary blood 
vessels receive epilemmal innervations by both sympathetic and 
parasympathetic axons. The classical transmitters, acetylcholine in 
parasympathetic and noradrenaline in sympathetic axons are stored in small 
vesicles. A variety of non-conventional neuropeptide transmitters have also 
been found in salivary nerves by immunohistochemistry, and they occur in 
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large dense-cored vesicles. Prolonged high frequency stimulation has been 
found to cause depletion of large dense-cored vesicles from glandular 
nerves. Afferent nerves are found in greatest numbers around the main 
salivary ducts, where they may form a hypolemmal association with the 
epithelial cells. At least four types of influence can be exerted on salivary 
parenchymal cells by the nerves: hydrokinetic (water mobilizing), 
proteokinetic (protein secreting), synthetic (inducing synthesis), and trophic 
(maintaining normal functional size and state) 31, 32. 
1.2.6 Histology of the gland: 
The parenchyma of the gland contains two major epithelial cell types, 
acinar cells which produce the primary salivary secretion and ductal cells 
which reabsorb electrolytes but also secrete kallikrein 33. The main secretory 
duct of the salivary gland breaks into a series of progressively smaller ducts 
(the striated ducts), which in turn branch into smaller intercalated ducts that 
open into the blind terminal secretory end piece. 
The end pieces consist of a collection of cells polygonal in section, 
supported by a basement membrane that encloses a central space, the lumen. 
The intercellular spaces between the cells open into the lumen, and 
technically these spaces constitute part of the ductal system. Three cell types 
were found in the terminal secretory end piece, namely serous, mucous and 
myoepithelial cells 34.  Also there is a basement membrane which separates 
the epithelium from the surrounding mesenchyme. It is a thin, extracellular 
structure which consists of 3 distinct layers, namely the lamina lucida, 
lamina densa and pars fibroreticularis 35. The major intrinsic basement 
membrane components include laminin, collagen IV, nidogen and 
proteoglycans 36, 37. 
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1.2.6.1 The secretory end pieces: 
Two types of secretory cells serous and mucous cells are distinguished 
in the acini of mixed-type salivary glands. As a rule, the serous cells are 
located at the terminal portion, and the mucous cells are arranged between 
the serous cells and the duct cells 38. Serous cells secrete proteinaceous 
material without significant polysaccharide in the secretory granules. 
Mucous cells liberate a viscous product rich in mucopolysaccharide 39. 
Although the serous cells greatly outnumber the mucous ones 22, 40, the 
relative proportions of these two cell types varies widely both within glands 
and between subjects 22, 41.   
 
 1.2.6.1.1 Serous cell: 
  The serous cell is pyramidal in shape, with its apex situated toward 
the central lumen. Its nucleus is spherical and situated in the basal third of 
the cell. Its cytoplasm stains intensely with hematoxylin and eosin (H&E), 
giving the cell its characteristic basal hematoxyphilia. It contains 
eosinophilic secretory granules about 1micrometer in diameter in the apical 
cytoplasm. The serous cell has all the features of a cell specialized for the 
synthesis, storage and secretion of protein. It has large amount of rough 
endoplasmic reticulum arranged in parallel stacks packed basally and 
laterally to the nucleus. It has also a prominent Golgi complex situated either 
apically or laterally to the nucleus. Its apical cytoplasm is filled with 
secretory granules, each surrounded by a unit membrane. The cell also 
contain cytoplasmic organelles (e.g., mitochondria, found toward the lateral 
and basal portion of the cell, lysosomes, free ribosomes, a few micro bodies 
or peroxisomes, microfilaments and microtubules). The relationship between 
the basement membrane and the serous cell that it supports is complicated 
and varied. Straight relationship may exist, with both the basement 
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membrane and the basal plasma membrane in close apposition, or the space 
between them may be increased by complex foldings of the basal plasma 
membrane, especially when the cell is not distended with secretary material. 
The plasma membrane is thrown into a series of tall, narrow basal folds 
extending beyond the lateral borders of the cell as foot processes that 
penetrate deeply into recesses in the folds of adjoining cells. Viewed from 
above, these cells have the appearance of multipointed stars. This 
configuration is thought to increase the basal region of the cell by a factor of 
60. Laterally adjoining serous cells also have complex interrelationships.  A 
well- defined intercellular space (or canaliculus) continues from the lumen 
of the end piece between these cells. The canaliculus terminates in the form 
of a classic junctional complex consisting of; a tight junction (zonula 
occludens), an intermediate junction (zonula adherens), and a desmosome 
(macula adherens). At various points in this canalicular complex, apposing 
cells may contact and join in the form of desmosomal contacts and gap 
junctions. The surface of the serous cell, lining both the central lumen and 
the canaliculi, possesses delicate microvilli that extend into the luminal and 
canalicular spaces. The complex foldings of these cell surfaces are a 
reflection of their function of transporting fluid and electrolytes from the 
serum to saliva 34, 42. 
 
 1.2.6.1.2 Mucous cells: 
     They are well adapted for the production, storage and secretion of 
proteinaceous material. The secretory product of the mucous cell differs 
from that of the serous cell in that there is a smaller enzymatic component 
and the proteins are linked to greater amounts of carbohydrate material- 
forming mucins. Under the light microscope, the mucous cell appears 
pyramidal with a flattened nucleus situated towards its base. The apical 
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portion of the cell does not stain strongly with H &E stain because of its 
higher carbohydrate content. This cell differs from the serous cell in that it 
contains more prominent Golgi complexes and its secretory material is 
stored in droplets. In the resting cell, the rough endoplasmic reticulum and 
other cytoplasmic organelles (e.g., mitochondria) are less conspicuous than 
in the mucous cell and are mainly confined to the base and lateral aspect of 
the cell. The interdigitations between adjacent cells tend to be fewer. 
Intercellular canaliculi are found leading to demilunes 34, 43. 
  Three types of mucous cell are present; Type I (characterized by 
negligible staining with alcain yellow), type II (bound alcain yellow), and 
type III (yield a green tincture with alcain yellow). These types appeared to 
be represented in equal amounts and were present separately in individual 
acinar clusters or admixed within a single acinar unit 44. 
 
 1.2.6.2 Secretary granules:  
Acinar cells of human major salivary glands exhibit secretary granules 
with distinctive ultra structural features45, and they contain high 
concentrations of calcium and sulfur 46. The typical mature granules had a 
tripartite substructure; including 
1. An eccentrically placed dense spherule. 
2. Material of intermediate density adherent to the inner aspect of the 
granule membrane in the form of a crescent. 
3. A less dense, homogenously fibrillo-granular matrix.  
     The dense spherules appeared within expanded Golgi saccules. Other 
granules constituents apparently were of secondary acquisition. A few cells 
contained atypical serous granules in which material of intermediate density 
was disposed in random loops, whorls, and striae. Such granules usually 
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lacked dense spherules. It is postulated that the two morphologically distinct 
types of granules represent separate classes of serous secretory products 47. 
Secretory granules of monopartite and bipartite structure were seen in the 
acini, intercalary and striated ducts, as well as in the collecting-ducts, and 
were greatest in serous and intercalary duct cells. Tripartite forms were also 
seen in serous and intercalary duct cells 48. 
1.2.6.3 Myoepithelial cells: 
In the human submandibular gland, two types of myoepithelial cells 
can be distinguished. The dark myoepithelial cell type was stellate or starfish 
shaped cell that lies between the basal lamina and the secretory cells.   
The myoepithelial cells are abundant on the surfaces of acini, tubuli and 
intercalated ducts, but they are sparse on striated ducts 48. These cells have 
structural features of both epithelium and smooth muscle cells; they exhibit a 
pronounced electron density due to numerous myofilaments with focal 
densities. Dark cell types account for the greater part (76%) of the 
myoepithelial cells and furthermore show adenosine triphosphatase activity. 
Occasionally, desmosomes could be found between the processes of 
adjacent dark myoepithelial cell types, which are appropriate with respect to 
the strong compression of acinar or intercalated duct cells. Their functions 
include contraction when the gland is stimulated to secrete, compressing or 
reinforcing the underlying parenchymal cells, thus aiding in the expulsion of 
saliva and preventing damage to the other cells. They also may aid in the 
propagation of secretory and other stimuli 49. 
The light myoepithelial cell type is large and ellipsoid with a few 
short thick processes, and is characterized by an electron lucent cytoplasm 
which includes scant and unevenly distributed myofilaments. Light cell 
types show positive adenosine triphosphatase activity and account for only a 
small part (17%) of the myoepithelial cell number. Transitional forms 
 12
between these two types were also observed. The light myoepithelial cell 
type may mature into the dark myoepithelial cell type by means of the 
transitional form. In addition, clear cells were sometimes encountered 
between the myoepithelial cell and the acinar or intercalated duct cells 50. 
 
 1.2.6.4 Ductal system: 
  They are characterized by small membranes. The ductal system is 
not simple, for it actively participates in the production and modulation of 
saliva. 
 
1.2.6.4.1 Intralobular ducts: 
There are two types of intralobular ducts 
• Intercalated ducts: 
These small diameter ducts are lined by short, cuboidal cells with central 
placed nuclei and little cytoplasm, containing some rough endoplasmic 
reticulum situated basally and some Golgi complexes apically. Secretary 
granules are occasionally found in these cells. The cells also have few 
microvilli projecting into the lumen of the duct 34. In human parotid and 
submandibular gland unusual granulated cells are observed at the acinar-
intercalated duct junction. These cells, which show a well developed Golgi 
apparatus, greatly differ from the typical elements of the intercalated ducts 
mainly due to the presence of abundant secretory granules of unknown 
nature. A complex substructure distinguishes these granules from those of 
conventional ductal cells and from those of acinar cells as well 51.  There are 
two types of connection between acini and intercalated ducts; some acini 
abut directly on the intercalated duct surface, whereas others are connected 
by a short stalk of intercalated duct cells52. 
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• Striated ducts: 
They usually form the largest portion of the duct system 53, and are 
lined by single layer of columnar cells, which have centrally placed nuclei 
and intensely eosinophilic cytoplasm. The most characteristic feature of such 
cells, however, is their prominent striations at the basal ends of the cells. 
Around the nucleus there are a few profiles of rough endoplasmic reticulum, 
along with some Golgi complexes. The luminal surface is characterized by 
short, stuppy microvilli 34.The specialized structure of the striated ducts 
implies a particular function; they modify the secretions passing through 
them. In addition to their role in electrolyte homeostasis, striated ducts in the 
major salivary glands of many mammalian species are engaged in the 
secretion of organic products. This phenomenon usually is manifested as the 
presence of small serous-like secretory granules in the apical cytoplasm of 
striated duct cells54. 
The transition from Intralobular to extra lobular is a gradual one 
involving the progressive acquisition of an outer layer of duct epithelium 
and loss of striation from the inner columnar epithelium 54. 
1.2.6.4.2 Extra lobular duct: 
The excretory duct: The duct of the submandibular salivary gland 
(Wharton's' duct) runs along the lower edge of the mylohyoid muscle toward 
dorsal, bends sharply at the back edge of this muscle before running in 
opposite direction along the medial side of the sublingual gland toward 
ventral and ending in the sublingual papilla55. The narrowest duct diameter is 
located at the ostium. The mean values for the duct diameters ranged 
between 0.5 mm and 1.5 mm. The largest duct diameter reached 2.2 mm, the 
smallest one is 0.2 mm 56 
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The duct is lined by small cup- shaped cells and tall cylindrical cells 
(principal cells), which are completely covered by short processes oriented 
randomly. When observed from below, after removal of the basal lamina, 
the basal surfaces of the cells of the excretory ducts exhibit polygonal areas 
delimited by short relieves. Scattered among these cells are a few goblet and 
ciliated cells 57. The principal cells are columnar in shape with many 
mitochondria, numerous dense bodies and a central nucleus with some 
indentations. Their apical cytoplasm shows a number of clear vesicles, some 
of which are reactive to silver and are extruded by exocytosis into the lumen. 
Other vesicles, which are unreactive, may represent the product of the 
absorption process. A mechanism of apocrine secretion was also observed in 
the apical cells. Thus, with regard to its function, it modifies the composition 
of saliva by adding a secretory component to it. This later material is derived 
from the goblet cells but chiefly from merocrine (exocytosis) and apocrine 
secretion of principal cells 58. 
 
1.2.7 Saliva: 
1.2.7.1 Salivary constituents: 
Saliva, which is mainly produced by the secretory acini in the major 
salivary glands, is modified by duct cells through the secretion and 
reabsorption of electrolytes 59, and proteins 60. Many of the organic products 
of the human salivary glands are produced by tubuloacinar cells and enter in 
the composition of the saliva by exocytosis. However, some normal organic 
salivary components are produced by ductal cells 61, 62. 
Human saliva contains a large number of proteins and glycoproteins 
with antimicrobial properties that contribute to the innate defense of the oral 
cavity. These include lysozyme, lactoferrin, peroxidase, and histatins 63. It 
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also contains two major mucins components; MG1 (mucous glycoprotein 1) 
and MG2 (mucous glycoprotein 2), which are large, highly glycosylated 
proteins that have multiple functions in the oral cavity 64. Mucins lubricate 
and protect the oral tissues, allowing them to slide over one another easily, 
and form a barrier to desiccation and to chemical and mechanical insults. 
They bind to oral microorganisms and viruses, aggregating them and 
facilitating their clearance from the mouth by swallowing. Mucins also bind 
to the exposed surfaces of the teeth, contributing to the acquired pellicle 
derived from salivary components in this location. The mucins may also 
facilitate binding of microorganisms to the tooth surface. Finally, mucins in 
swallowed saliva may also aid in protection of the pharyngeal and 
esophageal mucosa 65, 66. In the submandibular gland agglutin was detected 
in both serous acinar cells and serous demilune cells capping the mucous 
acini 67. It now has become clear that agglutinin, binds to a wide variety of 
microorganisms, including S. mutans, S. salivarius and S. sanguis 68. Saliva 
also contains at least nine different cystatin isoforms, including the neutral 
cystatin SN, three moderately anionic isoforms of cystatin SA, three or four 
isoforms of the more anionic cystatin S and cystatin C, a cationic cystatin 69, 
70. More recently the presence of cystatin D has also been demonstrated in 
human saliva 71. Because of their proteinase inhibiting properties, cystatins 
have been suggested to play a role in controlling proteolytic activity, either 
from the host (released during inflammatory processes) or from 
microorganisms 72. One of the secreted salivary proteins is lactoferrin which 
besides the mouth, also can be involved in protection down stream along the 
gastrointestinal tract. It is now clear that lactoferrin is a multifunctional 
protein having bacteriostatic, bactericidic, fungicidal, antiviral and anti-
inflammatory and immunomodulatory properties 73, 74. 
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1.2.7.2 Functions of saliva: 
1. Buffering: 
• Maintains PH unsuitable for colonization of bacteria. 
• Neutralizes acids. 
2. Digestion: 
• bolus formation 
• starch digestion by the enzyme amylase 
3. Taste: 
• It dissolves substances to be tested and carry them to the taste 
buds. 
• It contains a protein called gustin that is thought to be 
necessary for growth and maturation of the taste buds. 
4. Antimicrobial Action: 
• It has spectrum of protein of antibacterial properties such as 
bistatin, & lysozyme (enzyme that hydrolyze the bacterial cell) 
and lactoferrin (binds free ions so deprives bacteria from 
them). 
•  Contains antibodies such as secretary IgA. 
5. Maintenance of tooth integrity: 
• Leads to enamel maturation. 
• Remineralization   
6. Tissue repair 75. 
 
Thus the removal of the submandibular salivary gland reduces the salivary 
output, alter cariogenic microflora and increases incidence of dental caries 76. 
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1.2.7.3 Xerostomia:  
 
Frequent oral symptoms of dry mouth are associated with mealtime. These 
complaints include altered taste; difficulty in eating, chewing, and 
swallowing, particularly dry foods; impaired eating without drinking 
accompanying liquids; and insufficient retention of or poorly fitting 
removable prostheses. Patients also complain of halitosis, a chronic burning 
sensation and intolerance to spicy foods that can affect the quality of a 
person's life 77, 78, and 79. These problems can lead to changes in food and fluid 
selection that may compromise nutritional status. They also can lead to an 
increased susceptibility to aspiration pneumonia, with consequent 
colonization of the lungs with gram-negative anaerobes from the gingival 
sulcus 87, 81, and 82. Xerostomia complaints at night-time are common, as 
salivary output normally reaches its lowest circadian levels during sleep. 
These latter problems may be exacerbated by diminished oral motor tone 
leading to increased mouth breathing 83. 
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1.3. Objectives 
 
1.3.1. General objectives: 
  
• To study the normal submandibular gland histology in the Sudanese 
people, and to compare it with that of other nations. 
 
 
 
1.3.2. Specific objectives: 
 
• To measure the normal range of adult Sudanese gland volume, 
thickness, width, and length.   
 
• To determine the proportional volumes of the different glandular 
tissues in the submandibular gland of the Sudanese people. 
 
• To define accurately the normal range for the relative proportional 
volumes of glandular mucous and serous acinar cells in the 
submandibular gland of the Sudanese people. 
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2. Materials and methods 
2.1. Study design:  
 Descriptive cross sectional study. 
2.2. Study area and frame: 
 Submandibular gland tissues were taken from adult patients 
undergoing neck dissection surgery for oral cancer. The normal glands were 
removed as part of the procedure. The patients had no other illness that may 
affect the gland structure.  The operations were performed at the department 
of oral and maxillofacial surgery, Khartoum teaching dental hospital. 
2.3. Study population: 
Normal submandibular salivary glands removed during neck 
dissection and are eligible for the study. 
 2.4. Study time: 
March– December 2007. 
2.5. Sampling: 
A convenience sampling was used by taking all the specimens 
collected during the study period. 
Point counting for each section was carried according to the following 
equation: 
SE ≥ (p (1-p)) 2 (90) 
          N2  
0.01≥ (0.92 x .078) 2  
                N2 
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N≥ 348 
A total point of 400 from each section was calculated. 
Tissues that contain atypical cells (pathology or autolysis) when 
assessed microscopically were excluded from the study. 
2.7. Data collection tools: 
Data collection form 
2.8 Instrument used: 
• Light Microscope. 
• Microscopic slide. 
• Digital camera. 
•  Computer. 
2.9 Study plan: 
The glands were collected from the theatre of Khartoum Teaching 
Dental Hospital in bottles filled with 10% formalin. Each gland was coded to 
conceal its identity. 
The volumes of the submandibular glands were measured by using 
water displacement technique. A suitable graduated cylinder was filled with 
water to a certain level (V1); the gland then totally submerged and the 
volume (V0) was read as the difference between the new fluid volume (V2) 
and the original volume (V1). 
V0=V2-V1 
The diameters of the gland (length, width, and thickness) were 
measured using a ruler. 
 The glands were divided into ten sections of equal thickness and 
fixed with 10% formalin, the specimens were gradually dehydrated in 
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ascending grades of alcohol (40%, 60%, 80%, 95%, and absolute alcohol) 
one hour in each strength, then alcohol was removed by placing the 
specimens in two changes of xylene, one hour in each. From xylene the 
tissues were placed in three changes of molten paraffin 60°c in hot air oven. 
Then from each block sections of 5µm thickness were cut and stained with 
hematoxylin and eosin stain. A photograph of each slide was obtained using 
a digital camera model E45200 (fig1). The photos were analyzed by using a 
Microsoft office word paper with a gridlines drawn over it (appendix 2).  
The following salivary tissue components: acini, striated ducts, 
intercalated ducts, excretory ducts, and stroma were calculated. The 
stereological procedure was a point counting method with even distribution 
of the points throughout the gland. Only the center point of the graticule was 
counted.  For each photo 400 points were calculated so the sum for the 
whole gland was 4000 points. After all the sections from each gland had 
been examined, the sum of the points overlying each of the specified 
constituents was expressed as a percentage of the point total for that gland 
i.e. (h x 100)/n where (h) was the number of points overlying the specified 
constituent and (n) the total number of points for each section. 
2.10. Data summarization: 
Data was summarized in master sheet. 
2.11. Data representation: 
Data was represented in a form of tables and diagrams. 
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2.12. Data analysis: 
The data was analyzed by using the Soft Package for Social Sciences 
(SPSS).  Statistical values (mean, standard deviation, and standard error of 
the mean) were calculated.  
The paired sample correlation was used to determine the relation between 
the different glandular components, and the paired sample T test was used to 
assess the statistical significance of the obtained values 
P value < 0.01 was considered statistically significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 23
Fig 1:  A photograph from the submandibular salivary gland. 
 
 
 24
Fig 2:  A photograph from the submandibular salivary gland. 
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3. RESULTS 
 
3.1. Clinical details of the subjects: 
 The sample included 20 submandibular salivary glands of both sexes.  
3.2 . The diameters of the submandibular salivary gland: 
The results obtained from the study have shown that: 
1. The mean of the submandibular gland length was 4.09 ± 0.07. 
2. The mean of the width was 3.09± 0.11.  
3. The mean of the thickness was 1.13± 0.07.  
4. The mean of the volume was 15.91±0.26.  
The different measures of the diameters of the submandibular salivary gland 
were shown in table (1). The frequency distribution of the gland diameters 
were explained in fig 3, 4, and 5.  
 
3.3. The proportional volumes of the acinar, ducts, and stroma 
in the glands: 
 The mean of the proportional volume of total acinar cells from total 
points of the gland was 56.0 ± 0.37. The mean of the proportional volume of 
duct from total glandular points was 9.52 ± 0.17. The mean of the 
proportional volume of stroma from total glandular points was 34.48 ± 0.36. 
The measures of central tendency of the proportional volumes of the acinar, 
duct, and stroma are shown in the table (2), and Fig (6). Fig 7 shows the 
frequency distribution of the acinar sells from the total gland volume with 
the normal distribution curve.       
 
 
 
 26
3.4. The proportional volumes of the serous and mucous acini from the 
total acinar volume: 
 The mean of the proportional volume of the serous acini from the total 
acinar cells was 97.47 ± 0.19.  The mean proportional volume of mucous 
acini from total acinar cells was 2.53 ± 0.19 (table 3) (fig 8). Fig 9 shows the 
frequency distribution of the mucous acini from the total acinar volume with 
the normal distribution curve.  
           By comparing the distribution of mucous and serous acini in the 
central and peripheral parts of the gland we found that the mean proportional 
volume of serous acini from total acinar cells in the central part of the gland 
is 97.93± 0.42, while the mean of the proportional volume of serous acini 
from total acinar cells in the peripheral part of the gland was 97.12± 0.44 (p 
<0.03).  The mean of the proportional volume of mucous acini from total 
acinar cells in the central part of the gland is 2.06± 0.42, while the mean 
proportional volume of mucous acini from total acinar cells in the peripheral 
part of the gland was 2.88± 0.44 (p <0.03).   
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Table 1:  the different parameters of the submandibular salivary 
gland 
 
  length width thickness volume 
Mean 4.085 3.090 1.130 15.915 
SEM 0.0737 0.1133 0.0696 0.2666 
Median 4.000 3.000 1.000 16.250 
Standard 
deviation 
0.3297 0.5067 0.3114 1.1922 
Minimum 3.5 2.0 0.7 13.5 
Maximum 4.6 4.0 1.7 17.5 
Range 1.1 2.0 1.0 4.0 
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Table 2:  the mean proportional volumes of constituents of the 
submandibular salivary gland 
 
 
 
 
 
 
proportional 
volume of acinar 
from total points 
proportional 
volume of duct 
from total points 
proportional 
volume of stroma 
from total points 
Mean 55.9953 9.5212 34.4835 
Number 190 190 190 
SD 5.15232 2.35717 4.95735 
SEM 0.37379 0.17101 0.35964 
P value <0.0001  
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Table 3:  the proportional volumes of the mucous and serous acini from 
the total acinar volume of the submandibular salivary gland 
 
  Mean SD SEM 
proportional 
volume of serous 
from total acinar 
97.4668 2.6242 0.1904 
proportional 
volume of mucous 
from total acinar 
2.5332 2.6242 0.1904 
             P value <0.0001                              correlation = -1 
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Table 4: the distribution of the mucous acinar sells in the central and 
peripheral parts of the glands 
 
 Mean N SD SEM 
peripheral distribution of 
mucous cells 
2.8847 38 2.7289 0.4427 
central distribution of mucous 
cells 
2.0605 38 2.5883 0.4199 
         P value>0.01                              
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Table 5: shows the distribution of the serous acinar sells in the central 
and peripheral parts of the glands 
 
 Mean N SD SEM 
peripheral distribution of 
serous cells 
97.1153 38 2.7289 0.4427 
central distribution of serous 
cells 
97.9395 38 2.5883 0.4199 
 
             P value>0.01   
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Fig 3: shows the frequency distribution of the gland length with the normal distribution curve 
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Fig 4: the frequency of the gland width with the normal distribution curve 
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Fig 5: the frequency of distribution  of the gland volume with the normal distribution curve 
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Fig 6: proportional volumes of the total acinar cells, ducts, and stroma from the total glandular points 
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Fig 7: frequency distribution  of the total acinar cells with the normal distribution curve 
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Fig 8: the proportional volumes of the mucous and serous acini from the total acinar cell. 
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Fig9. Proportional volume of mucous cells. Note the break in continuity of the horizontal scale. 
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4.1 DISCUSSION 
 
The submandibular gland produces 70% of saliva, the parotid gland 
25%, and the minor glands the remainder 89, thus any disease that affects the 
submandibular gland will affect the oral cavity by reducing the salivary 
output, and generates signs and symptoms of xerostomia. 
There were few studies carried on human submandibular salivary 
gland, as its not easy to find the specimens. However we thought that this 
study is special for three reasons: 
1. The submandibular salivary glands were collected from live 
patients. 
2. The study was conducted in a country with hot climate, a 
feature that might represent itself on the gland histology. 
3. The majority of the studies were done on the human feotuses 
and this study was done on adults glands.   
 The structural arrangement of various tissues within the 
submandibular salivary gland involves an ordered spatial distribution of 
septal fibrous tissue in relation to the lobules of parenchyma. Thus for any 
random plane extended through the gland, the structure encountered is not 
entirely homogeneous. Compensation for structural inhomogeneity was 
provided in the present stereomorphometric method firstly by the even 
spacing of sections throughout each gland and, secondly by the even point 
distribution over each sectional area obtained. 
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 Changes in size of the submandibular gland can be related to 
pathological processes within the gland, including inflammation, tumors, 
sialosis84, 85 and even as a result of eating disorders such as bulimia86 , so 
The quantitative analysis of normal salivary gland dimensions and variation 
is important to ensure the proper diagnosis of salivary gland diseases. 
 
In this study the submandibular salivary gland volume was measured 
using the water displacement technique. With a mean volume of 15.91± 0.26 
cm3 (SD = 1.19), the volume ranged from 13.5 cm 3 to 17.5 cm3. This is a 
narrow range than that given by J. Scott who found it to range from below 2 
cm3 to over 15 cm3  18. Also our figures are greater those of 6.5±2.6 reported 
by Mans Hedin as the mean volume of the glands 16. These differences in 
volumes could be due to the differences in measurement techniques or it 
could be an adaptive form of hypertrophy of the gland to compensate for the 
hot environment.  
 
The minimum length value of the submandibular gland was 3.5cm and 
the maximum length value was 4.6 cm. with a mean of 4.09 ± 0.07(SD = 
0.33). The width ranged from 2.0 cm to 4.0 cm. The mean was 3.09 ± 0.11 
(SD = 0.51). These results coincide with the results obtained by Stimec B 
who found that the mean of longitudinal and transverse diameters of the 
gland were 4.41 cm and 2.59 cm respectively 87. 
 
The thickness of the gland was found of a minimum value 0.7 cm and 
the maximum value was 1.7cm. The mean thickness was found to be 1.13± 
0.07 (SD = 0.31). 
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The correlation between the gland length and volume was examined 
with a positive correlation of 0.47 (p = 0.03) which according to the study 
confidence limit is insignificant; therefore the gland volume did not change 
by the changes in the gland length. Also there is no significant difference in 
the relation between the gland volume and thickness (correlation = 0.39 and 
p = 0.08). However there was a significant relationship between the width 
and the volume with a correlation value of 0.53 (p = 0.01). Therefore the 
gland volume increases when the width increased. 
 
Histologically, the salivary gland consists of acini, ducts, and stroma 
which include the adipose and fibro-vascular tissue.  
The ductal system of the salivary glands is characterized by three duct 
classes: intercalary, striated and terminal. The various classes of ducts are 
not randomly distributed in any transaction of the gland; the extralobular 
ducts are enclosed in the connective tissue septa while the remaining types 
of ducts are located within the parenchymal lobules53. In this study all of the 
three types were measured together under the heading of duct cells. By 
measuring the proportional volume of duct from total points, it was found to 
be   9.5% ± 0.17 (SD = 2.36). This result is not far from the results obtained 
by J. Scott who found that the proportional volume of the duct was 9.96% 
and the striated ducts formed about 5.1 ± 0.13% of the total gland volume, 
and at the same time they formed about 50% of the total duct volume 53.  
   
  In this study the mean of the proportional volume of total acinar cells 
from total points of the gland was 55.9 ± 0.37 (SD = 5.2). This is a high 
figure than the 48.9% given by Scott 88. The mean of the proportional 
volume of stroma from total points of the gland was 34.5 ± 0.35 (SD = 4.95). 
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When the association between the  proportional volume of the acinar 
cells and the proportional volume of the duct cells was calculated, it was 
found that there is a negative correlation with a value of -0.03 (p = 0.0001), 
this relation is a false one because there is no actual replacement of the 
acinar cells by duct cells. In addition the acinar cells had a negative 
correlation with the stroma with a value of -0.8 (p = 0.0001) which could be 
a true relationship which means that when the acinar cells undergone 
degeneration they are replaced by stroma (fibrous tissue).  
 
The identification of a cell as a mucous cell by the light microscope 
can be problematic because mucous cells at different stages of the functional 
cycle have different appearances, thus a mucous cell at the beginning of its 
synthetic cycle may stain well with H&E stain and closely resemble a serous 
cell. Therefore in this study there could be some mucous cells that were 
mistaken and counted as serous cells 43. 
The results of the complete series of 19 glands gave a mean mucous 
acinar cell content of 2.53 ± 0.19% (SD = 2.62) of the total acinar cell 
volume with a range of 0.0 – 9.3%. This percentage was low than the 
percentage obtained by J. Scott who reported a mean of the mucous acinar 
cells as 7.8 ± 0.89 % 38. The frequency distribution was positively skewed 
(fig 9), with 79%of the values falling in the lower one third of the range. In 
none of the glands the mucous acini were predominant, and in 16 of the 19 
glands, the mucous cells accounted for less than 3% of the total acinar 
volume. There is no significant difference between the distribution of the 
proportional volume of the mucous cells in the peripheral and central 
sections, so the cells are evenly distributed in the entire gland.  
 
 43
This study had also demonstrated that the mean serous acinar cell 
volume was 97.47 ± 0.19 (SD = 2.62) of the total acinar cell volume with a 
range of 90.7 – 100%. This figure is higher than the 80% reported by 
TenCate 34 .The frequency distribution was negatively skewed (fig 10). The 
mucous cell volume was not significantly different between the peripheral 
and central sections. An interesting finding in this study is that 16% of the 
glands were totally serous; which was not reported before, this could be due 
to cellular adaptation to the hot climate. 
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4.2 CONCLUSION 
 
With the limitations of this study, it can be concluded that: 
The average submandibular gland measures about 4.1 cm in length, 3.1 cm 
in width, 1.1 cm in thickness, and 15.9 cm3 in volume. The mean 
proportional volume of the total acinar cells of the gland was 56%. The 
mean proportional volume of the duct was 9.52%, and the mean proportional 
volume of the stroma in the gland was 34.5%. The mean proportional 
volume of the serous acini from the total acinar cells was 97.5%, while that 
of the mucous acini was 2.5%. There was no difference in the distribution of 
serous and mucous acini between the central and peripheral sections. 
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4.3 RECOMMENDATIONS 
 
It was recommended that a further study should be conducted using larger 
sample size, so that it will include all age groups and both sexes so we can 
identify any differences between them. 
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Appendix 1  
 
Data collection form 
 
Gland number: ……………………………       
                    
Length (mm): ………………. ……..          Breadth (mm): ……………………….. 
 
Thickness (mm): ……………………..        Volume: ………………………           
 
The proportional volumes of different tissue elements in the submandibular gland: 
Section 
number 
acini Mucous 
cells 
serous cells ducts stroma 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
total      
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